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(54) HIGH PRESSURE REACTION METHOD AND APPARATUS THEREFOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To markedly lower 
the cost of a reaction container and to enhance 
safety by filling the gap part formed between the 
inner surface of a pressure- resistant container and 
the outer surface of a reaction container with a 
high pressure fluid and holding the pressure in the 
reaction container and the pressure in the gap part 
to substantially same pressure. 
SOLUTION: In a reaction apparatus wherein a 
reaction container 2 is arranged in a pressure- 
resistant container 1, high pressure reaction is 
performed in the reaction container 2 and the gap 
part B between the inner surface of the pressure- 
resistant container 1 and the outer surface of the 
reaction container 2 is filled with a high pressure 
fluid and the pressure in the reaction container 2 
and the pressure in the gap part are held to 
substantially same pressure. By this constitution, 
the pressure resistance of the reaction container 2 
used herein may be made extremely low and the 
wall thickness of the reaction container 2 may be 
made markedly low correspondingly thereto. The reaction container 2 can be prolonged in life 
and, when the necessity for replacing the reaction container is generated, it is unnecessary to 
replace the whole of the reaction apparatus and only the reaction container 2 formed in a thin- 
walled state may be replaced. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim l]While performing a high voltage reaction within the reaction vessel in a reaction 
apparatus which has the structure which allocated a reaction vessel in a resisting pressure 
container, A high voltage reaction method being filled up with high pressured fluid in a cavity 
part formed between the resisting pressure container internal surface and reaction vessel outside 
surface, and holding substantially a pressure in the reaction vessel, and a pressure in this cavity 
part to the same pressure. 

[Claim 2] A high pressure reactor characterized by what a cavity part which has the structure 
which allocated a reaction vessel in a resisting pressure container, and is formed between a 
resisting pressure container internal surface and a reaction vessel outside surface, and an inside 
of a reactor are connecting in fluid via an opening or piping. 

[Claim 3] A main part of a reaction apparatus which has the structure which allocated a reaction 
vessel in a resisting pressure container, and piping for introducing reaction raw materials in this 
reaction vessel, A high pressure reactor characterized by what it has piping for discharging a 
resultant in this reaction vessel, and piping for introducing high pressured fluid into a cavity part 
formed between this resisting pressure container internal surface and a reaction vessel outside 
surface, and this cavity part and an inside of a reaction vessel are connecting in fluid via an 
opening or piping. 

[Claim 4] A high pressure reactor having a pressure-control system for both holding substantially 
a pressure in this cavity part, and a pressure in a reaction vessel to the same pressure as it is 
characterized by comprising the following. 

A main part of a reaction apparatus which has the structure which allocated a reaction vessel in a 
resisting pressure container. 

Piping for introducing reaction raw materials in this reaction vessel. 
Piping for discharging a resultant in this reaction vessel. 

Piping for introducing high pressured fluid into a cavity part formed between this resisting 
pressure container internal surface and a reaction vessel outside surface. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to a high voltage reaction method and a high 

pressure reactor. 

[0002] 

[Description of the Prior Art]The method of carrying out oxidative degradation of the organic 
substance into the water (supercritical water) under a supercritical condition is known (JP,2- 
7591 1, A). In the reaction using such supercritical water, the reaction pressure becomes 220 
atmospheres or more and a very high thing. And in said reaction, if halogen atoms, such as 
chlorine, are contained in the organic substance, strong corrosive hydrogen halide will occur. 
Therefore, what has not only resistance to pressure but advanced corrosion resistance as a 
reaction vessel in this case will be required, and that reaction vessel cost produces the problem of 
becoming very high. In the conventional high-pressure reaction container, since the corrosion 
resistance is generally insufficient, if this is used as a reaction vessel for performing said 
reaction, the reaction vessel life will be short, it will be necessary to exchange for a new thing 
comparatively frequently, and, as a result, reaction vessel cost will become very high. And if the 
exchange time of a reaction vessel is overdue, internal high pressured fluid will also create a risk 
of spouting outside from the pinhole etc. which were produced by corrosion of the reaction 
vessel. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention makes it the technical problem to 
provide the high high voltage reaction method and high pressure reactor of safety which reaction 
vessel cost is remarkable and fell. 
[0004] 

[Means for Solving the Problem]This invention persons came to complete this invention, as a 
result of repeating research wholeheartedly that said technical problem should be solved. 
Namely, while performing a high voltage reaction within the reaction vessel in a reaction 
apparatus which has the structure which allocated a reaction vessel in a resisting pressure 
container according to this invention, A high voltage reaction method being filled up with high 
pressured fluid in a cavity part formed between the resisting pressure container internal surface 
and reaction vessel outside surface, and holding substantially a pressure in the reaction vessel 
and a pressure in this cavity part to the same pressure is provided. According to this invention, it 
has the structure which allocated a reaction vessel in a resisting pressure container, and a high 
pressure reactor characterized by what a cavity part formed between a resisting pressure 
container internal surface and an outside surface of a reaction vessel and an inside of a reactor 
are connecting in fluid via an opening or piping is provided. A main part of a reaction apparatus 
which has the structure which allocated a reaction vessel in a resisting pressure container 
according to this invention, Piping for introducing reaction raw materials in this reaction vessel, 
and piping for discharging a resultant in this reaction vessel, It has piping for introducing high 
pressured fluid into a cavity part formed between this resisting pressure container internal 
surface and a reaction vessel outside surface, and a high pressure reactor characterized by what 
this cavity part and an inside of a reaction vessel are connecting in fluid via an opening or piping 
is provided. A main part of a reaction apparatus which has further again the structure which 
allocated a reaction vessel in a resisting pressure container according to this invention, While 
having piping for introducing reaction raw materials in this reaction vessel, piping for 
discharging a resultant in this reaction vessel, and piping for introducing high pressured fluid 
into a cavity part formed between this resisting pressure container internal surface and a reaction 
vessel outside surface, A high pressure reactor having a pressure-control system for holding 



substantially a pressure in this cavity part and a pressure in a reaction vessel to the same pressure 

is provided. 

[0005] 

[Embodiment of the Invention] Next, this invention is explained in full detail, referring to 
drawings. Drawing I shows the mimetic diagram about one example of the high pressure reactor 
of this invention. In this figure, as for 1, a resisting pressure container and 2 show a reaction 
vessel, 3 shows a feeding nozzle, and 4 shows an inner tube and the space part where form a 
resultant exhaust pipe and 7 in an opening, A is formed in the inside of a reactor, and B is formed 
[ 5 ] for an outer tube and 6 between a resisting pressure container wall and a reaction vessel 
outer wall. This invention shown in drawing 1 is characterized by the main part of a high 
pressure reactor comprising the following. 
Resisting pressure container 1. 
The reaction vessel 2 allocated by the inside. 

The resisting pressure container 1 usually consists of a round cross section-like barrel. This thing 
has sufficient mechanical strength to high voltage, and advanced corrosion resistance in 
particular should not just be required. Therefore, construction material of this resisting pressure 
container can be made into the same construction material as what is used for the conventional 
resisting pressure container, for example, can be carbon steel, a stainless steel, etc. As for the 
resisting pressure container 1, although it differs and high voltage-proof nature in particular is 
not needed, it is [ the reaction vessel 2 ] preferred that it is a thing excellent in corrosion 
resistance. Therefore, as construction material of this reaction vessel, ceramics besides a nickel 
alloy, an iron alloy, and carbon steel can be used, and a plastic can also be used depending on the 
case. Generally, the reaction vessels 2 should just be a pressure more than 5 kg/cm 2 G, and a 
thing which can bear the pressure of 10 - 20 kg/cm G preferably. The heat resistance of the 
above mentioned reaction vessel just bears the reaction temperature carried out within the 
reaction vessel. When using supercritical water, the reaction vessel should just have endurance to 
the temperature of not less than 374 **. 

[0006]The feeding nozzle 3 is a thing of double tube structure, and consists of the inner tube 4 
and the outer tube 5. As construction material of these shells, a nickel alloy, an iron alloy, a 
stainless steel, etc. can be used. The resultant exhaust pipe 6 is for making the resultant in the 
reaction vessel 2 discharge to the reaction apparatus exterior. The opening 7 makes the cavity 
part B between the inside A of the reaction vessel 2, a resisting pressure container internal 
surface, and a reaction vessel outside surface connect in fluid. Therefore, in the reaction 
apparatus of this invention, the cavity part B formed between the inside A and the outside 
surface of a reaction vessel of a reaction vessel, and a resisting pressure container internal 
surface is held on parenchyma at the same pressure. That is, if the pressure in a reaction vessel 
becomes high, the pressure of the cavity part which surrounds a reaction vessel according to it 
will also increase, and it will become the same pressure as the internal pressure of a reaction 
vessel. Since the internal and external pressures of the reaction vessel 2 become the same on 
parenchyma, the high voltage-proof nature in particular of a reaction vessel is no longer needed 
by this. A nickel alloy, an iron alloy, etc. can be used as construction material of said resultant 
exhaust pipe 6. 

[0007]If the example of a reaction which carries out oxidative degradation of the organic 
substance in supercritical water is shown using the reaction apparatus shown in drawing 1, First, 
while introducing the air (or oxygen) passing through the line 15 into the outer tube 5 through 
the line 13 and the line 16 and making it blow off from the tip of the double pipe nozzle 3 in a 



reaction vessel, A part of air (or oxygen) passing through the line 15 is introduced through the 
line 14 in the cavity part B between a reaction vessel outside surface and a resisting pressure 
container internal surface. Introduce supercritical water into the line 16 through the line 12, mix 
with air (or oxygen), it is made to blow off from the tip of the double pipe nozzle 3 in a reaction 
vessel with air (or oxygen), and the mixture of supercritical water and air (or oxygen) is made 
full in the inside A of the reaction vessel 2. If air (or oxygen) is mixed to supercritical water, air 
(or oxygen) will dissolve in supercritical water. Therefore, in the inside A of the reaction vessel 
2, air exists in the state where it dissolved in supercritical water. Next, supplying supercritical 
water and air (or oxygen) in a reaction vessel, introduce into the inner tube 4 the raw material 
liquid which contains an organic substance from the line 1 1, it is made to blow off from the tip 
into a reaction vessel, and the mixture of said supercritical water and air (or oxygen) is made to 
mix it as mentioned above. The temperature of said supercritical water passing through the line 
12 is about 400-600 **, and the pressure is about 221-450 atmospheres. The temperature of the 
air (or oxygen) passing through the line 13 is about 20-600 **, and the pressure is about 221-450 
atmospheres. The temperature of the raw material liquid containing an organic substance is about 
20-200 **, and the pressure is about 221-450 atmospheres. The amount of air (or oxygen) should 
just be more than the amount of theories required to disassemble an organic substance. 
[0008] Although the mixture of the raw material liquid, supercritical water, and air which contain 
an organic substance in the reaction vessel 2 as mentioned above is generated, this mixture forms 
a supercritical state, the oxidative degradation of an organic substance advances quickly, 
temperature rises further by that heat of combustion, and an organic substance is disassembled 
thoroughly. The conditions in a reaction vessel are conditions which can hold the supercritical 
state of water, the reaction temperature is 374-650 **, and the pressure is 221-450 atmospheres. 
The resultant in a reaction vessel is discharged via the resultant exhaust pipe 6 and the line 17. 
[0009]In the example of a device shown in drawing L although the bottom of the reaction vessel 
2 and the bottom of the resisting pressure container 1 are shared, since he is trying for this reason 
to discharge a resultant from the upper part of the reaction vessel 2, the bottom of the reaction 
vessel 2 seldom serves as an elevated temperature, but is because the problem of exceptional 
corrosion is not produced in the bottom. Also when it is not necessary to say that the bottom 
using the construction material same to the reaction vessel 2 as the side and upper surface may 
be provided in such a case and and discharges a resultant from the lower part of a reaction vessel, 
it is preferred to provide the side and the upper surface, and the bottom with equal construction 
material similarly. 

[0010]In the high pressure reactor of this invention, as described above, the internal and external 
pressures of a reaction vessel can be held to the always almost same pressure. The pressure 
concerning a reaction vessel is usually below 2 kg/cm 2 . Therefore, the resistance to pressure of 
the reaction vessel used by this invention is dramatically small, ends, and according to it, its 
thickness of a reaction vessel wall is also dramatically small, and it ends. Although the thickness 
of a reaction vessel wall is based also on the diameter of a reaction vessel, generally, about 2-10 
mm of it is enough. On the other hand, when an organic substance contains corrosive elements, 
such as halogen, since the halogen is changed into the hydrogen halide of high corrosiveness by 
disassembly of an organic substance, it is needed that the internal surface of a reaction vessel is 
what has advanced corrosion resistance. In such a case, what is necessary is to make the 
construction material of a reaction vessel itself into the thing of corrosion resistance, or just to 
coat corrosion resistance material on a reaction vessel internal surface. Since the thickness of a 
reaction vessel wall is small as mentioned above also as a thing of high corrosion resistance and 



it ends in the construction material of a reaction vessel itself, like conventional technology, 
compared with the case where the resisting pressure container itself is made into the thing of 
high corrosion resistance, in the case of this invention, there is little the reaction vessel cost 
remarkably, and it lives in it. A life comes to a reaction vessel, when the necessity of exchanging 
these arises, in the case of this invention, it is not necessary to exchange the whole reaction 
apparatus like before, and a resisting pressure container is left as it is, and should exchange only 
the reaction vessel formed in thin thickness, and the sharp reduction of reaction apparatus cost of 
it is attained. Even when a pinhole produces by corrosion on the wall surface of the reaction 
vessel 2, since it only spouts to the cavity part B, like [ in the case of the conventional high 
pressure reactor ], it does not spout to the device exterior and the contents in a reaction vessel are 
dramatically safe. 

[001 l]Next, in the high pressure reactor of this invention, the mimetic diagram about other 
examples which the inside A and the cavity part B of a reaction vessel connect in fluid is shown 
in drawing 2 - drawing 4 . In these figures, the same numerals as having been shown in drawing 1 
have the same meaning. In the device shown in drawing 2 , one reaction fluid C enters in the 
cavity part B through the line 21, after being extracted through the line 22 outside from here, it is 
introduced into the line 23 along which the reaction fluid D of another side passes, and both 
reaction fluid is mixed here. This mixture blows off from that nozzle tip in the reaction vessel 2 
through the nozzle 25, and both reaction is performed in the inside A of a reaction vessel. A 
resultant is discharged through the line 24 outside. In the reaction apparatus shown in drawing 2 , 
the inside A and the cavity part B of the reaction vessel 2 are connected in fluid via the line 22, 
the line 23, and the nozzle 25, and the inside A and the cavity part B of a reaction vessel are held 
substantially at the same pressure. 

[0012]Some reaction fluid C enters in the cavity part B through the line 32, and the remainder is 
introduced [ in / passing along the line 31 / the device shown in drawing 3 1 in the reaction vessel 
2 through the line 33. On the other hand, the reaction fluid D of another side is introduced in the 
reaction vessel 2 through the line 34. Into the reaction vessel 2, the mixing reaction of both 
reaction fluid is carried out. A resultant is discharged through the line 35 outside. In the reaction 
apparatus shown in drawing 3 , the inside A and the cavity part B of the reaction vessel 2 are 
connected in fluid via the line 32 and the line 33, and the inside A and the cavity part B of a 
reaction vessel are held substantially at the same pressure. 

[0013]The device shown in drawing 4 is only different from the device of drawing 3 in that some 
fluids in the cavity part B are discharged through the line 46 outside. Also in this device, the 
inside A and cavity part of the reaction vessel 2 are held substantially at the same pressure. 
[0014]The mimetic diagram about the example of further others of the high pressure reactor of 
this invention is shown in drawing 5 and drawing 6 . In these figures, the same numerals as 
having been shown in drawing 1 have the same meaning. Unlike the device which showed 
drawing 1 - drawing 4 the device shown in these figures, the inside A and the cavity part B of the 
reaction vessel 2 are not connected in fluid, but both pressure is held by the pressure-control 
system at the same pressure. As long as the pressure-control system in this case is designed make 
the same the pressure inside [ A ] a reaction vessel, and the pressure of the cavity part B, what 
kind of thing may be sufficient as it, but generally, It is filled up with the pressure medium of the 
gas or the fluid in the cavity part B, and the pressure of the raw material of the gas introduced in 
a reaction vessel or a fluid is detected, The pressure-control system which controls the pressure 
of the pressure medium in the cavity part B to the same pressure based on this detection pressure, 
and the pressure in a reaction vessel, The pressure differential in the cavity part B with which the 



pressure medium was filled up is detected, and the pressure-control system etc. which control the 
pressure in the cavity part B to the same pressure as the pressure in a reaction vessel based on 
this detected pressure differential are adopted. 

[0015]In the device shown in drawing 5 , one reaction fluid C is introduced inside the reaction 
vessel 2 through the line 51, and the reaction fluid D of another side is introduced inside the 
reaction vessel 2 through the line 52. In the inside of the reaction vessel 2, the mixing reaction of 
both reaction fluid is carried out, and a resultant is discharged through the line 53. On the other 
hand, the pressure medium (a gas or fluids, such as air, water, and an oil) E is introduced in the 
cavity part B through the pump 58 and the regulation-of-pressure valve 57 from the line 55, and 
the part is discharged through the line 54 outside. However, it is not necessary to make a 
pressure medium not necessarily discharge to the exterior. The pressure sensor 56 is attached to 
the line 51, and this pressure signal is sent to the regulation-of-pressure valve 57, and the flow of 
the pressure medium introduced into the cavity part B is adjusted so that the pressure in the 
cavity part B may turn into the same pressure as the pressure of the line 51. 
[0016]In the device shown in drawing 6 , one reaction fluid C is introduced inside the reaction 
vessel 2 through the line 61, and the reaction fluid D of another side is introduced inside the 
reaction vessel 2 through the line 62. In the inside of the reaction vessel 2, the mixing reaction of 
both reaction fluid is carried out, and a resultant is discharged through the line 63. On the other 
hand, the pressure medium (a gas or fluids, such as air, water, and an oil) E is pressed fit in the 
cavity part B through the pump 66 and the regulation-of-pressure valve 68 from the line 67, and 
the pressure in the cavity part B is held by the regulation-of-pressure valve 68 at a constant 
pressure. The differential pressure gauge 64 is attached between the line 61 and the cavity part B, 
this differential pressure signal is sent to the regulation-of-pressure valve 68, and the pressure in 
the cavity part B is held at the same pressure as the pressure of the line 51. 
[0017]The fluid introduced in a reaction vessel is one sort or two or more sorts, and the reaction 
fluid of a suitable kind is chosen according to the kind of reaction. Slurry liquid, a gas, etc. 
besides a fluid can be used as reaction fluid. 
[0018] 

[Example] Next, an example explains this invention still in detail. 

[00 19] Oxidative degradation of the mixture of trichloroethylene and isopropyl alcohol was 
performed using the reaction apparatus of the structure shown in example 1 drawing 1 . In this 
case, as the resisting pressure container 1, the anticorrosion metal vessel whose thickness of a 
container wall is 10 mm was used as the reaction vessel 2 using the container made from carbon 
steel whose thickness of a container wall is 130 mm. First, let the outer tube 5 pass, mixed air 
100 weight section to supercritical water 100 weight section, made the mixture F, this was made 
to blow off at the rate of flow of 100 kg/h in the reaction vessel 2, and it was made full in the 
inside A of a reaction vessel, and the cavity part B between a reaction vessel outside surface and 
a resisting pressure container internal surface. The temperature of the mixture F is 600 ** and the 
pressure is 240 atmospheres. Next, the solution which contains the mixture of isopropyl alcohol 
and trichloroethylene 20% of the weight as an organic substance was made to blow off in a 
reaction vessel at the 50kg/h rate of flow, making the mixture F blow off in a reaction vessel. By 
jet of this solution, the rapid oxidative degradation of isopropyl alcohol as an organic substance 
happened, the internal temperature of the reaction vessel rose even at 600 **, and the reaction 
advanced with this reaction temperature after that. The resultant was discharged and cooled via 
the exhaust pipe 6. When the description of this resultant is shown, it is as in the following table. 
Isopropyl alcohol and trichloroethylene were thoroughly decomposed so that clearly from this 



table. 
[0020] 
[Table 1] 





m 


* TCE 


1 p p m£CF 
1 p p m-ETF 
1~5 p pm 



* TOC:total-organic-carbon concentration TCE : trichloroethylene concentration CO : Carbon 
monoxide [0021] 

[Effect of the Invention]In this invention, using the high pressure reactor of the structure which 
allocated the reaction vessel in the resisting pressure container, where the internal and external 
pressures of a reaction vessel are held substantially at the same pressure, a high voltage reaction 
is performed. Therefore, in the case of this invention, a reaction vessel can be manufactured from 
it not being necessary to make it the thing of high voltage-proof nature very cheaply. When the 
life of a reaction vessel comes, or breakage is produced and it is necessary to exchange reaction 
vessels, Like before, it is not necessary to exchange the whole reaction apparatus, a resisting 
pressure container is left as it is, and since it should exchange only the reaction vessel formed in 
thin thickness, the sharp reduction of reaction apparatus cost of it is attained. Since high-pressure 
reaction fluid does not disperse to the device exterior even if a reaction vessel is damaged, the 
high voltage reaction can be carried out safely. The high pressure reactor of this invention can be 
used as a reaction apparatus other high voltage liquid phase reactions and for high voltage 
gaseous phase reaction, although it is suitable as a reaction apparatus for a high voltage reaction 
which uses supercritical fluids, such as supercritical water and supercritical CO2. As an example 
of such a high voltage reaction, a reaction, a coal liquefaction reaction, etc. which make a sewage 
sludge, the wet oxidation reaction of nightsoil and a difficulty resolvability organic waste 
solution and a sewage sludge, wood, alcoholic etc. liquefy thermochemically (oil recovery) 
can be mentioned, for example. 



[Translation done.] 
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